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1. 

MEDICAL TUBULAR ASSEMBLY 

FIELD OF THE INVENTION 

The present invention is related generally to medical equip 
ment, and more particularly to a medical tubular assembly. 

BACKGROUND OF THE INVENTION 

Medical tubular assemblies are known including an inser 
tion tube of a flexible endoscope (such as a colonoscope). The 
distal end portion of the polymeric insertion tube is endo 
scopically insertable within a patient. The insertion tube has 
an articulatable distal end portion controlled by wires running 
from the distal end portion to control knobs on the handle of 
the endoscope. A wide angle video camera in the distal end of 
the insertion tube permits medical observation. Medical 
devices. Such as a medical Snare or a medical grasper, are part 
of an endoscopic system and are insertable into the working 
channel(s) of the insertion tube of the endoscope and are 
translatable to extend from the distal end portion for medical 
treatment. 

Superelastic components, such as a Superelastic wire, are 
known. 

Still, Scientists and engineers continue to seek improved 
medical tubular assemblies. 

SUMMARY OF THE INVENTION 

A first expression of an embodiment of the invention is for 
a medical tubular assembly including four medical coilpipes 
together having a distal end portion insertable into a patient. 
The four medical coilpipes include a central coilpipe and 
three peripheral coilpipes disposed outward of the central 
coilpipe. The four medical coilpipes are wound from a con 
tinuous length of wire. 
A second expression of an embodiment of the invention is 

for a medical tubular assembly including four medical 
coilpipes together having a distal end portion insertable into a 
patient. The four medical coilpipes include a central coilpipe 
and three peripheral coilpipes disposed outward of the central 
coilpipe. The four medical coilpipes are wound from a con 
tinuous length of Superelastic wire. 
A third expression of an embodiment of the invention is for 

a medical tubular assembly including four medical coilpipes 
together having a distal end portion insertable within a 
patient. The four medical coilpipes include a central coilpipe 
and first, second, and third peripheral coilpipes disposed out 
ward of the central coilpipe. The four medical coilpipes con 
sist essentially of a continuous length of wire. One traveling 
along the wire would make a first loop once around a center 
line of the first peripheral coilpipe, then would make a second 
loop once around a centerline of the second peripheral 
coilpipe, and then would make a third loop once around a 
centerline of the third peripheral coilpipe, wherein portions of 
the traveled wire not including the first, second and third 
loops would at least partially bound a centerline of the central 
coilpipe. 

Several benefits and advantages are obtained from one or 
more or all of the expressions of an embodiment of the inven 
tion. In a first example, the medical coilpipe assembly has 
greater bendability compared to a four lumen polymeric 
insertion tube of a flexible endoscope. 
The present invention has, without limitation, application 

in hand-activated instruments as well as in robotic-assisted 
instruments. 
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2 
BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a perspective view of a embodiment of the medi 
cal tubular assembly of the invention; 

FIG. 2 is a top elevational view of an explanatory diagram 
showing the beginning of the winding of the wire into the 
medical tubular assembly of FIG. 1; 

FIG. 3 is a top elevational view of the medical tubular 
assembly of FIG. 1 with the addition of a medical-end-effec 
tor activation cable in the lumen of the central coilpipe and 
with the addition of a medical-instrument-member articula 
tion cable in the lumen of each of the peripheral coilpipes; 

FIG. 4 is a perspective view of the medical tubular assem 
bly of FIG. 1 wherein the medical tubular assembly is shown 
attached to a distal medical instrument member which is a 
medical end effector which is a medical grasper, and 

FIG. 5 is a perspective view of the medical tubular assem 
bly of FIG. 1 wherein the medical tubular assembly is shown 
attached to a distal medical instrument member which is a 
medical end effector which is a medical snare. 

DETAILED DESCRIPTION OF THE INVENTION 

Before explaining the present invention in detail, it should 
be noted that the invention is not limited in its application or 
use to the details of construction and arrangement of parts 
illustrated in the accompanying drawings and description. 
The illustrative embodiment of the invention may be imple 
mented or incorporated in other embodiments, variations and 
modifications, and may be practiced or carried out in various 
ways. Furthermore, unless otherwise indicated, the terms and 
expressions employed herein have been chosen for the pur 
pose of describing the illustrative embodiments of the present 
invention for the convenience of the reader and are not for the 
purpose of limiting the invention. 

It is understood that any one or more of the following 
described expressions of an embodiment, examples, etc. can 
be combined with any one or more of the other following 
described expressions of an embodiment, examples, etc. 

Referring now to the Figures, FIGS. 1-3 illustrate an 
embodiment of the invention. A first expression of the 
embodiment of FIGS. 1-3 is for a medical tubular assembly 
10 including four medical coilpipes 12, 14, 16 and 18 together 
having a distal end portion 20 insertable into a patient. The 
four medical coilpipes 12, 14, 16 and 18 include a central 
coilpipe 12 and three peripheral coilpipes 14, 16 and 18 
disposed outward of the central coilpipe 12. The four medical 
coilpipes 12, 14, 16 and 18 are wound from a continuous 
length of wire 22. 

It is noted that the term “wire' includes any elongated 
member adapted for winding into the four medical coilpipes 
12, 14, 16 and 18. In one example, without limitation, the wire 
comprises, consists essentially of, or consists of nitinol. It is 
also noted that each of the four medical coilpipes 12, 14, 16 
and 18 is not limited to a circular structure when viewed on 
end (as in FIGS. 2-3). In one example, the central coilpipe 12 
has a Substantially triangular shape when viewed on end (as 
seen in FIGS. 2-3), and each of the three peripheral coilpipes 
14, 16 and 18 has a teardrop shape when viewed on end (as 
seen in FIGS. 2-3). Other examples of coilpipe shapes when 
viewed on end are left to the artisan. 

In one implementation of the first expression of the 
embodiment of FIGS. 1-3, the four medical coilpipes 12, 14, 
16 and 18 consist essentially of the continuous length of wire 
22. In one variation, the four medical coilpipes 12, 14, 16 and 
18 consist of the continuous length of wire 22. 
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In a first example of the first expression of the embodiment 
of FIGS. 1-3, the wire is a braided wire. In a second example, 
the wire 22 is a monolithic wire. In a third example, the wire 
includes two (or more) wire segments with adjacent segments 
lengthwise joined together (i.e., one end of one segment is 
joined to one end of another segment). Other examples of a 
continuous length of wire are left to the artisan. For compari 
son, an example of four medical coilpipes wound from non 
continuous lengths of wire include a first peripheral coilpipe 
wound from a first continuous length of wire, a second 
peripheral coilpipe wound from a second continuous length 
of wire, a third peripheral coilpipe wound from a third con 
tinuous length of wire, and a central coilpipe wound from a 
fourth continuous length of wire, wherein none of the four 
lengths of wire are lengthwise joined to any other of the four 
lengths of wire. 

In one construction of the first expression of the embodi 
ment of FIGS. 1-3, the four medical coilpipes 12-18 are 
flexible. In one configuration, each of the central and three 
peripheral coilpipes 12, 14, 16 and 18 has a centerline 24, 26. 
28 and 30 (seen on end as a point in FIG. 2) and wherein the 
centerlines 26, 28 and 30 of the three peripheral coilpipes 14, 
16 and 18 are disposed substantially 120 degrees apart from 
each other about the centerline 24 of the central coilpipe 12. 
In one variation, the centerlines 26, 28 and 30 of the three 
peripheral coilpipes 14, 16 and 18 are disposed a substantially 
equal distance apart from each other. 

In one arrangement of the first expression of the embodi 
ment of FIGS. 1-3, the central and three peripheral coilpipes 
12, 14, 16 and 18 each have coil turns 32, and longitudinally 
adjacent coil turns 32 of each of the central and three periph 
eral coilpipes 12, 14, 16 and 18 are spaced apart from each 
other (as seen in FIG. 1). 

In one application of the first expression of the embodiment 
of FIGS. 1-3, the central coilpipe 12 surrounds a central 
lumen34, and the medical tubular assembly 10 also includes 
a lengthwise translatable medical-end-effector activation 
cable 36 disposed in the central lumen 34. In one variation, 
the three peripheral coilpipes 14, 16 and 18 each surround a 
separate peripheral lumen 38, 40 and 42, and the medical 
tubular assembly 10 also includes a separate and lengthwise 
translatable medical-instrument-member articulation cable 
44, 46 or 48 disposed in each of the separate peripheral 
lumens 38, 40 and 42. It is noted that the activation cable 36 
and the articulation cables 44, 46 and 48 are seen on end in 
FIG. 3. The term “cable' includes any flexible elongated 
member. 

In one choice of materials, the wire 22 consists essentially 
of stainless steel. In another choice of materials, the wire 22 
consists essentially of a Superelastic wire Such as initinol. 
A second expression of the embodiment of FIGS. 1-3 is 

identical to the previously-described first expression of the 
embodiment of FIGS. 1-3 except that the wire 22 of the first 
expression is limited to a Superelastic wire in the second 
expression. It is noted that the implementations, examples, 
constructions, etc. of the first expression of the embodiment 
of FIGS. 1-3 is equally applicable to the second expression of 
the embodiment of FIGS 1-3. 
A third expression of the embodiment of FIGS. 1-3 is for a 

medical tubular assembly 10 including four medical coilpipes 
12, 14, 16 and 18 together having a distal end portion 20 
insertable within a patient. The four medical coilpipes 12, 14, 
16 and 18 include a central coilpipe 12 and first, second, and 
third peripheral coilpipes 14, 16 and 18 disposed outward of 
the central coilpipe 12. The four medical coilpipes 12, 14, 16 
and 18 consist essentially of a continuous length of wire 22. 
As seen from FIG. 2, one traveling along the wire 22 would 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
make a first loop 50 once around a centerline 26 of the first 
peripheral coilpipe 14, then would make a second loop 52 
once around a centerline 28 of the second peripheral coilpipe 
16, and then would make a third loop 54 once around a 
centerline 30 of the third peripheral coilpipe 18, wherein 
portions 56, 58 and 60 of the traveled wire not including the 
first, second and third loops 50, 52 and 54 would at least 
partially bound a centerline 24 of the central coilpipe 12. 

It is noted that the constructions, arrangements, applica 
tions, etc. of the first expression of the embodiment of FIGS. 
1-3 are equally applicable to the third expression of the 
embodiment of FIGS. 1-3. 

In one method of any one or more or all of the expressions 
of the embodiment of FIGS. 1-3, the wire 22 is wound, as seen 
in FIG. 2, from a starting point 62 in the direction of the 
arrows to a point 64. Thereafter, the wire 22 is wound (not 
shown in FIG. 2 but seen in FIG. 1) to repeatedly trace over 
and above the path shown in FIG. 2 to create the four coilpipes 
12, 14, 16 and 18 as seen in FIG.1. In one example, a mandrel 
(not shown) is disposed at the location of each lumen 34,38, 
40 and 42 to assist in winding the wire 22 into the shape of the 
medical tubular assembly 10. Depending on the size of the 
lumens and the thickness of the wire, a computer numerical 
control (CNC) coil winding machine should be able to be 
employed to wind the wire 22 into the shape of the medical 
tubular assembly 10 without the assistance of mandrels. 

In one arrangement of any one or more or all of the expres 
sions of the embodiment of FIGS. 1-3, the medical tubular 
assembly 10 comprises exactly four medical coilpipes 12, 14, 
16 and 18. In one extension, not shown, the medical tubular 
assembly comprises exactly five medical coilpipes including 
a central Substantially rectangular or square coilpipe and four 
peripheral coilpipes appearing as loops at the corners of the 
rectangle or square. Extensions to six or more medical 
coilpipes including a central polygon coilpipe and peripheral 
coilpipes appearing as loops at the corners of the polygon are 
left to those skilled in the art. 

In one deployment, as shown in FIG.4, of any one or more 
or all of the expressions of the embodiment of FIGS. 1-3, the 
medical tubular assembly 10 (such as the distal end portion 20 
thereof) is connected to a distal medical instrument member 
66. The example of the distal medical instrument member 66 
shown in FIG. 4 is a medical end effector in the form of a 
medical grasper. Other types of medical end effectors are left 
to the artisan. In one variation, the medical tubular assembly 
10 (such as a proximal end portion 70 thereof) is connected to 
a proximal medical instrument member 68. In the example of 
FIG. 4, the proximal medical instrument member 68 is a 
fitting in the form of an end cap attached to a flexible tube 72 
having separate lumens (not shown) for each of the activation 
and articulation cables. In another example, not shown, the 
proximal medical instrument member is an end portion of the 
tube 72. The distal medical instrument member 66 is disposed 
distal of the proximal medical instrument member 68. FIG. 4 
shows the central coilpipe 12 Surrounding the activation cable 
36, the first peripheral coilpipe 14 surrounding articulation 
cable 44, and the second peripheral coilpipe 16 Surrounding 
articulation cable 46. In the portion of the medical instrument 
74 shown in FIG. 4, the activation cable would be attached to 
the jaw opening and closing mechanism of the medical 
grasper. The articulation cables 44 and 46 are shown attached 
to the medical grasper to articulate the distal medical instru 
ment member 66 (in this example a medical grasper) with 
respect to the proximal medical instrument member 68. In 
one option, not shown, the medical tubular assembly 10 is 
surrounded by a flexible sheath. 
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In another deployment, as shown in FIG. 5, of any one or 
more or all of the expressions of the embodiment of FIGS. 
1-3, the medical tubular assembly 10 (such as the distal end 
portion 20 thereof) is connected to a distal medical instrument 
member 166. The example of the distal medical instrument 
member 166 shown in FIG. 4 is a coupling from a lumen 176 
of which a medical end effector 178 is extended for medical 
treatment by moving the activation cable 136. An example of 
the medical end effector 178 is a medical snare. Other 
examples are left to the artisan. The medical instrument 174 
of FIG. 5 is otherwise identical to the medical instrument 74 
of FIG. 4. Other deployments of the medical tubular assembly 
10 are left to those skilled in the art. 

In one illustration, not shown, of any one or more or all of 
the expressions of the embodiment of FIGS. 1-3, the medical 
tube assembly 10 is inserted into a working channel of a 
flexible insertion tube of an endoscope, wherein the medical 
end effector can be articulated with respect to the insertion 
tube of the endoscope allowing independent alignment of the 
wide angle video camera of the endoscope and the medical 
end effector. In a second illustration, not shown, the medical 
tube assembly 10 has a tube-to-endoscope-rail coupling fea 
ture allowing the medical tube assembly to be coupled to, and 
slid along, an exterior rail of a flexible insertion tube of an 
endoscope allowing independent alignment of the wide angle 
video camera of the endoscope and the medical end effector. 
Other illustrations are left to those skilled in the art. 

Several benefits and advantages are obtained from one or 
more or all of the expressions of an embodiment of the inven 
tion. In a first example, the medical coilpipe assembly has 
greater bendability compared to a four lumen polymeric 
insertion tube of a flexible endoscope. 

While the present invention has been illustrated by a 
description of several expressions of an embodiment, it is not 
the intention of the applicants to restrict or limit the spirit and 
Scope of the appended claims to Such detail. Numerous other 
variations, changes, and Substitutions will occur to those 
skilled in the art without departing from the scope of the 
invention. For instance, the medical instrument of the inven 
tion has application in robotic assisted Surgery taking into 
account the obvious modifications of Such systems, compo 
nents and methods to be compatible with such a robotic 
system. It will be understood that the foregoing description is 
provided by way of example, and that other modifications 
may occur to those skilled in the art without departing from 
the scope and spirit of the appended Claims. 
What is claimed is: 
1. A medical instrument assembly comprising: 
a medical tubular assembly with four medical coilpipes 

together having a distal end portion insertable within a 
patient, wherein the four medical coilpipes include a 
central coilpipe and three peripheral coilpipes disposed 
outward of the central coilpipe, wherein the four medical 
coilpipes are wound from a continuous length of wire, 
and wherein the three peripheral coilpipes each Surround 
a separate peripheral lumen; 

a proximal medical instrument member connected to the 
medical tubular assembly: 

a distal medical instrument member connected to the distal 
end portion; and 

a separate and lengthwise translatable medical-instrument 
member articulation cable disposed in each of the sepa 
rate peripheral lumens, wherein the medical-instrument 
member articulation cables are attached to the distal 
medical instrument memberto articulate the distal medi 
cal instrument member with respect to the proximal 
medical instrument member. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
2. The medical instrument assembly of claim 1, wherein 

the four medical coilpipes are flexible. 
3. The medical instrument assembly of claim 2, wherein 

each of the central and three peripheral coilpipes has a cen 
terline, and wherein the centerlines of the three peripheral coil 
pipes are disposed Substantially 120 degrees apart from each 
other about the centerline of the central coilpipe. 

4. The medical instrument assembly of claim 3, wherein 
the centerlines of the three peripheral coilpipes are disposed a 
Substantially equal distance apart from each other. 

5. The medical instrument assembly of claim 1, wherein 
the central and three peripheral coilpipes each have coil turns, 
and wherein longitudinally adjacent coil turns of each of the 
central and three peripheral coilpipes are spaced apart from 
each other. 

6. The medical instrument assembly of claim 1, wherein 
the central coilpipe Surrounds a central lumen, and also 
including a lengthwise translatable medical-end-effector 
activation cable disposed in the central lumen. 

7. A medical instrument assembly comprising: 
a medical tubular assembly with at least four medical 

coilpipes together having a distal end portion insertable 
within a patient, wherein the medical coilpipes include a 
central coilpipe and at least three peripheral coilpipes 
disposed outward of the central coilpipe, wherein the at 
least four medical coilpipes are wound from a continu 
ous length of wire, and wherein the three peripheral 
coilpipes each Surround a separate peripheral lumen; 

a proximal medical instrument member connected to the 
medical tubular assembly: 

a distal medical instrument member connected to the distal 
end portion; and 

a separate and lengthwise translatable medical-instrument 
member articulation cable disposed in each of the sepa 
rate peripheral lumens, wherein the medical-instrument 
member articulation cables are attached to the distal 
medical instrument memberto articulate the distal medi 
cal instrument member with respect to the proximal 
medical instrument member. 

8. The medical instrument assembly of claim 7, wherein 
the distal end portion is endoscopically insertable within a 
patient. 

9. The medical instrument assembly of claim 8, wherein 
each of the central and at least three peripheral coilpipes has 
a centerline, and wherein the centerlines of the at least three 
peripheral coilpipes are disposed substantially equi-angu 
larly apart from each other about the centerline of the central 
coilpipe. 

10. The medical instrument assembly of claim 9, wherein 
the centerlines of the at least three peripheral coilpipes are 
disposed a Substantially equal distance apart from each other. 

11. The medical instrument assembly of claim 7, wherein 
the central and at least three peripheral coilpipes each have 
coil turns, and wherein longitudinally adjacent coil turns of 
each of the central and at least three peripheral coilpipes are 
spaced apart from each other. 

12. The medical instrument assembly of claim 7, wherein 
the central coilpipe Surrounds a lumen adapted to contain a 
lengthwise translatable medical-end-effector activation 
cable. 

13. A medical instrument assembly comprising: 
a medical tubular assembly with four medical coilpipes 

together having a distal end portion insertable within a 
patient, wherein the four medical coilpipes include a 
central coilpipe and first, second, and third peripheral 
coilpipes disposed outward of the central coilpipe, 
wherein the four medical coilpipes consist essentially of 
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a continuous length of monolithic wire, wherein one 
traveling along the wire would make a first loop once 
around a centerline of the first peripheral coilpipe, then 
would make a second loop once around a centerline of 
the second peripheral coilpipe, and then would make a 5 
third loop once around a centerline of the third periph 
eral coilpipe, wherein portions of the traveled wire not 
including the first, second and third loops would at least 
partially bound a centerline of the central coilpipe, and 
wherein the three peripheral coilpipes each Surround a 
separate peripheral lumen; 

10 

a proximal medical instrument member connected to the 
medical tubular assembly: 

a distal medical instrument member connected to the distal 
15 end portion; and 

a separate and lengthwise translatable medical-instrument 
member articulation cable disposed in each of the sepa 
rate peripheral lumens, wherein the medical-instrument 
member articulation cables are attached to the distal 
medical instrument memberto articulate the distal medi 
cal instrument member with respect to the proximal 
medical instrument member. 

8 
14. The medical instrument assembly of claim 13, wherein 

the wire is a superelastic wire. 
15. The medical instrument assembly of claim 14, wherein 

the distal end portion is endoscopically insertable within a 
patient. 

16. The medical instrument assembly of claim 13, wherein 
the centerlines of the first, second and third peripheral 
coilpipes are disposed Substantially 120degrees apart from 
each other about the centerline of the central coilpipe, and 
wherein the centerlines of the first, second and third periph 
eral coilpipes are disposed a substantially equal distance apart 
from each other. 

17. The medical instrument assembly of claim 13, wherein 
the central and the first, second and third peripheral coilpipes 
each have coil turns, and wherein longitudinally adjacent coil 
turns of each of the central and the first, second and third 
peripheral coilpipes are spaced apart from each other. 

18. The medical instrument assembly of claim 13, wherein 
the central coilpipe Surrounds a lumen adapted to contain a 
lengthwise translatable medical-end-effector activation 
cable. 


